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The work of A.  Wasserman  and his collaborators in the applica- 
tion  of the  complement  binding  test  of  Bordet  and  Gengou  to the 
diagnosis of syphilis and other diseases has been followed, as is well 
known,  by  a  long  series  of  investigations,  and  many  observers 
have  confirmed  the  views  of  Wasserman.  Positive  reactions  are 
said  to  have  been  found  in  typhoid,  tuberculosis,  meningitis  and 
many  other  diseased  conditions.  The  most  striking  results  have 
been obtained in the  study of syphilis. 
Many  views  have  been  expressed  with  regard  to  the  nature  of 
the  reaction.  The  original  claim  that  specific  antigens  as  well  as 
antibodies  could  be  demonstrated  in  this  manner  was  soon  aban- 
doned,  since  it  was  found  that  the  test  was  obtained  not  only 
with  specific,  but  also  with  normal  extracts.  The  fact  that 
alcoholic extracts were found to be effective showed the active sub- 
stance to be alcohol soluble or lipoid in nature.  Porges and  Meier, 
working under Wasserman's  direction,  found that pure lecithin was 
able to bind complement with syphilitic sera, and it was evident later 
that  a  large  number  of  other  lipoids  acted  as  well  or  even  better 
than  lecithin.  Meantime  Landsteiner  and  Stankovie  had  obtained 
similar  results  with  numerous  organically  suspended  and  colloid 
dissolved substances:  Axamit,  working with bacterial  extracts,  had 
found  that  these  alone  bind  complement,  while  Uhlenhuth  had 
found  binding  with  a  long  list  of  the  most  unrelated  and  diverse 
materials. 
None  of  these  results  have  been held  to  affect the  value  of  the 
test in the opinion of its supporters,  since it is their claim that com- 
plement  binding  can  be  obtained  0nly  by  the  action  of  specific, 
never of normal sera, or, if the contrary is ever true, it is said to be 
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so rare that it can be practically disregarded.  These views have not 
met with universal acceptance, however, since opposite results have 
been  fotrnd  by  several  prominent  investigators.  Ranzi  obtained 
binding  of  complement with  normal  sera  alone,  with  extracts  of 
tumors alone, and with tumor extracts combined with normal sera. 
Well and Braun  found binding to the same extent with normal as 
with  specific sera  together with  tumor extracts.  They considered 
the active agent to be not specific in nature,  regarding it  as prob- 
ably a  substance derived from degenerative cell changes in various 
diseased  conditions.  Much,  testing  sera  from  twenty-five  cases 
of  scarlet  fever  with  syphilitic  liver  extract  found  binding  in 
ten.  He obtained  a  similar  reaction in  many other diseased con- 
ditions and also with normal sera, and together with Eichelberg he 
regarded the test as without diagnostic value. 
In  I9o7,  Heller and  Tomarkin  (I)  sought  to  demonstrate  the 
existence of specific antibodies against rabies virus in the serum of 
animals  immunized against  rabies.  They used the sera  of rabbits 
inoculated  subcutaneously  on  twenty-four  consecutive  days  with 
extracts  of fixed virus  rabbit  cords made  from two  to  eight  days 
after death, testing sera two to three weeks after the last injection. 
As  test  fluid,  expressed  juice  of  rabbit's  brains  obtained  under 
pressure  of  35o  atmospheres  was  used,  the  animals  having  died 
from fixed or street virus which were tested  separately.  All cus- 
tomary controls  were used,  and  the  experiments  were  frequently 
repeated  with  varying  amounts,  but  results  were  negative  as  to 
diagnostic value of test in  rabies.  Occasionally, increasing inhibi- 
tion of hemolysis was obtained by the use of increasing amounts of 
specific immune juice  and  immune sera,  but  the  same  result  was 
found  upon  using  immune  sera  with  expressed  juice  of  normal 
brains,  or normal  sera  together with  specific or  normal  expressed 
juices. 
Friedberger  (2),  from a  theoretical standpoint, thought this test 
especially well adapted  for rabies.  He used the serum of a  horse 
inoculated with extract from a fixed virus rabbit brain, the serum of 
a  rabbit immunized with horse blood,  guinea pig complement, and 
customary controls.  He  found  a  small  amount  of  binding  with 
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came  to  the  same conclusion as  Heller and  Tomarkin,  that  no posi- 
tive  conclusions  could  be  based  upon  this  test  in  rabies. 
A  third  report  of complement  binding tests  with  rabies'was  pub- 
lished after the completion of the present experiments.  Baroni  (3) 
and his associates used three sera from animals immunized to rabies. 
Two  were  from rabbits inoculated with fixed virus rabbit cord emul- 
sion,  the  first  rabbit  having  died  after  six  subcutaneous  inocula- 
tions, the last one being made  into the anterior  chamber  of the  eye; 
the  second rabbit resisted a  similar eye inoculation,  after  a  previous 
intravenous  injection.  The  third  serum,  from  Marie,  was  from  a 
sheep  given  multiple  injections  of  fixed  virus  at  the  Pasteur  Insti- 
tute.  The  three  sera  were  tested  against  spleen  and brain  of  rab- 
bits immunized as above, with  fresh guinea pig complement,  accord- 
ing  to  the  classical  method,  but,  notwithstanding  numerous  trials, 
no  binding  of  complement  could  be  demonstrated,  hemolysis  being 
always  identical with  that  in  controls of  normal  rabbit  serum. 
At  the  suggestion  of  Dr.  Williams,  the  writer  undertook  the 
present  series  of  experiments  with  rabies. 
The  rabies material tested consisted of extracts  of the brains  of fixed virus 
rabbits,  the  rabbits  being  those  which  furnished  the  cords  used  in  the  treat- 
ment of rabies patients.  The fresh braia material was crushed in a  sterile tube, 
mixed  in  proportion  of  1:4  with  normal  salt  solution  containing  5  per  cent. 
of carbolic acid, agitated at room temperature for twenty-four hours,  and cen- 
trifuged  for  from  one  to  two  hours,  when  the  supernatant  fluid  was  drawn 
off  into  sterile  flasks  and  placed in  the  ice-box uniil  needed.  Extracts  were 
made  in the  same manner  from the brains  of normal rabbits. 
A  series  of  normal  rabbits  were  inoculated  subcutaneously  with  rabies 
material.  Rabbit A, for the first few inoculations, was  injected with the  above 
fixed  virus  extracts,  and  later,  this  rabbit  and  all  others  of  the  series  were 
injected at intervals of ten days with  an  emulsion of  fresh fixed virus brain in 
salt solution, beginning with o.25 cubic centimeter and increasing o.2 with  each 
treatment  up  to  the  amount  of  2.5  cubic  centimeters  at  the  last  inoculation. 
After the  fourth treatment the serum  of these  rabbits was  used with  the  fixed 
virus brain  extract for the complement binding test.  Control  tests  were  made 
with the serum of normal rabbits, and both rabies and normal sera were tested 
against the  normal  brain  extract by  the  same method. 
The  blood cells used  were  those  of the  horse  washed  four  times  with  salt 
solution,  a  series  of  rabbits  having  beet~ immunized  against  horse  blood  by 
subcutaneous  inoculations of  IO cubic  centimeters  of  washed  horse  blood cells 
at ten  day intervals.  One  of these  rabbits developed sufficient hemolysin after 
the third inoculation to dissolve I  cubic centimeter of a  5 per  cent.  suspension 
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ally decreased  until  1/2oo  cubic centimeter  of  serum  was  required  for  the  same 
amount  of  blood  at the time  of  the  last  experiment.  The  amount  of  hemolytic 
serum  used  in  each  test  was  twice  that needed  for  blood  solution,  the  quantity 
having been ascertained by preliminary test.  All  sera  were  inactivated by  heat- 
ing at  56 °  C.  for  one  half hour.  The  complement used  was  furnished by  fresh, 
normal guinea pig serum.  The various substances were first diluted with normal 
salt solution to  such  strength thai I  cubic centimeter of  each  could  be taken  for 
the test,  making 5 cubic centimeters  in all.  When  one or more  substances were 
omitted,  tubes were  filled  to  the  same  level with  normal  salt solution. 
Thus  diluted,  the  fixed  virus  or  normal  extract  and  fixed  virus  or  normal 
serum  were  measured  into  sterile  tubes,  the  complement  added  and  the  tubes 
placed in the incubator for two hours, and then in the ice-box.  The  next morn- 
ing the tubes  were  thoroughly shaken  and  again  placed  in  the  ice-box  until  the 
following morning, when the final reading was  made. 
The experiments were many times repeated, using sera from four 
fixed virus rabbits,  and from two normal rabbits,  together with ex- 
tracts  from four fixed virus rabbits  and  from four normal rabbits, 
in  varying  amounts  and  combinations,  together  with  controls  as 
shown in table.  In this way over fifty tests were made, showing in 
all  the same result----complete or practically complete inhibition  of 
hemolysis.  No difference whatever could be perceived between the 
action of normal and of fixed virus serum, except that in one series 
a slightly stronger binding power was shown by the normal than by 
the fixed virus serum.  In one case the normal serum and  normal 
brain  extract  were  both  obtained  from  the  same  rabbit,  but  the 
result here was identical with that in all the other tests.  The slight 
hemolytic action of normal guinea pig serum upon horse blood cor- 
puscles,  frequently noted,  was  not  sufficiently marked to  interfere 
with the definite comparison of results, the same being true of the 
slight  inhibitory  action  sometimes  seen  in  both  fixed  virus  and 
normal extracts.  Inhibition was  always complete as to  the action 
of the hemolytic serum, with invariable  full hemolysis in hemolytic 
system controls. 
The following table is representative of results obtained. 
These experiments agree with  those of  former investigators,  in 
showing the absence of any specificity for rabies in the complement 
binding test. 
That  the  normal  sera  should  have  shown  an  equal  inhibitory 
power to that of the fixed virus sera remains unexplained, but it  is 342  Complement  Binding  Test  in  Rabies. 
TABLE  I. 
SERA. 
Fixed virus rabbit.  Normal  rabbit. 
SeFal~.  Extract, 
"  Norm. extract. 2 c.c. 
F. V. rabbit  .2 
.006 " 
EXTRACTS. 
Fixed virus rabbit 
brain.  Normal 
rabbit  brain. 
~  ~  o~ 
IC.C.  ,,  I  C(:C.{I C.C.  ,, 
((  (¢  ¢( 
¢(  (t  ~( 
~(  ¢(  ¢c 
,,  ,,  .005  ,' 
Norm. rabbit  .2  " 
"  "  .006 " 
¢~  "  . I  (( 
((  ((  .01  ¢( 
"  "  .oo6 " 
,,  ,,  .oo 5  " 
F.  V.  rabbit  .2  " 
"  "  .4  " 
Norm. rabbit  .2  " 
F.  V. rabbit  .4  " 
F.  V.  extract  .2 c.c. 
Norm. extract. 2 c.c. 
F.  V.  extract  .2  " 
Norm. extract .2  "  " 
"  "  .4"  " 
Norm. rabbit  .4 
F. V.  extract  .4 " 
Norm. extract .4  " 
System control. 
m 
I  C. 
Result. 
Practically complete inhibition 
Nearly complete inhibition 
Complete hemolysis 
Practically complete inhibition 
Nearly complete inhibition 
Complete hemolysis 
Practically complete inhibition 
Complete hemolysis 
Practically complete inhibition 
Complete hemolysis 
Complete  hemolysis ;  occasional 
slight inhibition 
Complete  hemolysis ;  occasional 
slight inhibition 
Complete  hemolysis ;  occasional 
slight inhibition 
Complete  hemolysis ;  occasional 
slight inhibition 
No hemolysis 
~c  c~ 
Slight trace hemolysis 
Complete hemolysis 
felt that errors of technique  and merely  accidental  results  are ruled 
out  by  the  number  of  experiments  made  and  by  the  confirmatory 
action of the numerous controls.  The complete hemolysis  obtained 
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to  exclude  precipitins  here  as  the  probable  cause  of  complement 
binding. ~ 
_An  extensive  bibliography  upon  the  complement  binding  test  is 
given by Fleischmann  (4).  No  other  references  are  given  except 
those  relating  to  the  test  with  rabies. 
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2To  the  above a  few additional tests may be  added.  Serum  from  a  normal 
rabbit, 0.2  and  0.4  cubic centimeters, has  been brought  together with  extract  of 
normal  rabbit brain  (from  same  individual), 0.2  cubic  centimeter,  with  hemo- 
lytic  amboceptor  from  rabbit,  with  fresh  guinea  pig  complement  and  with 
sheep corpuscles.  Result :--partial hemolysis  (o.8)  with smaller dose of serum; 
slight hemolysis  (0.3)  with  larger dose.  The  experiment repeated,  substituting 
extract  of  brain  of  rabbit with  rabies  instead  of  normal extract,  shows  slight 
hemolysis  (0.3)  with  smaller  dose  and  slight  trace  of  hemolysis  (o.I)  with 
larger  dose.  The  same  experiments  in  which  sera  from  two  normal  guinea 
pigs have been tested together in place of rabbit serum, shows complete hemolysis. 
There is no  trace of inhibition with  either extract.  These  results  with  rabbit's 
serum constitute  the  first  instance  in  this  series of  tests  in  which  any inferior 
binding  power  has  been  shown  by  normal  rabbit's  serum  with  normal  brain 
extract, as compared with brain extracts of rabbits with rabies.  In this instance 
an additional factor has to be taken into account, namely, the normal serum  and 
normal brain  extract have been  obtained  from the  same  animal. 
Thanks  are  due  to  Dr.  Williams for  advice and  suggestions. 